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II. INTRODUCTIOU 
The comm.eroial production o'f butanol and acetone by fer-
mentation is one of the most important reeent developments in 
the chemical industry. The starch of' the raw product , usually 
corn, is converted by suitable bacteria into the solvents n-
butanol . acetone and ethanol in the ratio of about 6:3:1 . 
Carbon ioxide and hydrogen also are formed in large amounts . 
Considerable amounts of these gases are converted into methanol 
by a catalytic process . For pra.cttaal purposes in the plant the 
total yield of solvents can be estimated by measurement of the 
speci ic gravity.. For more ~omplete information the butanol-
ethanol ratio is determined by a turbidity titration. However , 
for quantitative estimation or the three solvents, there is 
needed a convenient and accurate proeedure which can be used tor 
rapid routine determination. The purpose or the work reported 
in this thesis is to outline the development of such a procedure . 
The method aonsists in the wet oxidation of the mixture of the 
solvents in the same eoneentration of potussium d1chromate, but 
at two different concentrations of sulfuric acid. The di ference 
in reducing c apacity of the solution under these conditions is 
sufficiently great to permit the calculation of the concentra-
tion of butanol and ethanol. The acetone is determined separately 
by the usua1 iodometric procedure. 
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III. REVIl~W OF Tllli LIT:t:RA'l1URE 
1h1le methods are available for the determination of any 
of the three solvents alone t their aocurate determination in a 
mixture presents many difficulties . Reilly and Ralph {1919) 
represented the densities of the sol vents by means of both 
rectangular and tria.Il€;'lllar coordinates . This method is limited 
to the binary system and requires the sep~rate analysis of one 
constituent . ioreover. the spceifio gravity method is not 
sufficiently accurate for the amounts and proportion of solvents 
obtained f r om a fermentation . Bogin (1924) proposed a method 
based upon the amount of water hich must be added to the system, 
dry butanol , acetone , and ethanol to produce turbidity and claims 
this method to be applicable to ternary mixtures , if one of the 
constituents is determined separately . However . this method 
requires rather a large amount of sample an is not sufficiently 
rapid for routine laboratory use . 
\ierkman and Osburn {1931) proposed a method for tho 
analysis of solutions o;f n-.butanol and ethanol based upon oxida-
tion with :potassium d1ehromate in the :presence of i;>hosphoric 
aeid . The acetone is first removed by addition of 2 , 4• dinitro-
phenylhydrazine . The authors claim that the butanol , during 
oxidation, yields 90 . 3 per cent of butyric acid and 9 . 7 per oent 
ot acetic acid. The butyric an acetic acids produced by oxida-
tion of the alcohols are distilled . The amounts or each are 
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determined by partitioning with isopropyl ether and water aooord-
1ng to methods whieb they had previously developed. 
Fang { 1932) developed a muthod of analysis based upon the 
determination of the speci:tic gravity and refractive index of 
the aqueous solution of the three solvents.. The aoetone was 
determined by the Goodwin (1920} modification of the Messinger 
method . However• the specific gravity did not give the desired 
accuracy in the determination of the individual solvents. Various 
other combina tions have been developed in these laboratories . In 
one method the r efractive in-lex of the mixture is determined 
before and after extraction with c arbon tetra-chloride. In 
another• more sat1sfactory procedure~ the reducing :power of the 
solution to ard potassium dichromate and sulfuric acid was 
determined before and after extraction with carbon tetra-chloride. 
The acetone was determined separately in each case. but was not 
:removed from the solution. The latter method has proved very 
satisfactory, but possesses the disadvantage of requiring the 
partition with i mmiscible solvent . Moreover , since several non-
linear functions are involved, eorreotion tables are necessary. 
Johnson { l9!2J2) has developed a method for the determination 
of small a.mounts of butanol and ethanol in the presence of acetone 
by oxidation ui th potassium dichromate and sulfuric aoid. The 
butanol and ethanol are oxidi zed by means of an oxidiz ing solu-
tion 1 . 5 N i th respect to potassium diohromate and 5 N with 
- 7 ... 
respect to sulf'urie acid . The oxidation is oarried out at the 
temperature of boiling 1ater ror five minutes in a closed ~ube. 
The tube is cooled and the acids distilled , two 10 cc . fractions 
being collected. The acids in eaeh fraction are titrated with 
0 .1 N barium. hydroxide using phenol red as the indicator.. By 
means of equat-ions; the butanol and ethanol are ealculated. This 
ethod is claimed to be accurate within 0 . 1 milligram. The maxi-
mum amount of alcohol which can be oxidized is 15 milligrams and 
best results are obtained with 10 milligrams. The method has the 
disadvantage , that the constants must be redetermined for each 
new apparatus and that distillation is required. 
Adams and Nichols (1929) found in the analysis of mixtures 
of acetone , ethanol, and isopro:pyl alcohol , that the oxidation of 
these compounds with :potassium dichrom.ate depended on the . con-
centration of the sulfuric acid . The oxidation of ethanol to 
acetic acid , in the cold , can be made to take place ithin a few 
minutes in a fairly concentrated aeid solution. The oxidation 
of acetone is like ise increased by high acid eoncentra ions . 
Experiments carried out in these laboratories and the results 
obtained in the 1ork for this thesis verity this fact . 
It is ell established that ethanol is quantitativelY 
oxidized to aoetic acid in a neutral or acid solution. (See 
Evans and Day (19lo and 1919) . However , Szeberenyi (1915} re-
:ported that by continued oxidation for 12 hours the ethanol is 
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converted into carbon dioxide and water in the presence of large 
amounts of sulfuric acid . 
Numerous methods for the determination of ethanol are based 
upon the oxidation to acetic acid or to carbon dioxide and ater . 
Hebner (1887). and Allen and Chattaway (1891) , determined et11anol 
and methanol in mixtures of the two, based upon the difference in 
reducing po er toward an acid solution of potassium dichromate . 
The unused :potassium. dichromate was titrated with a standard 
ferrous ammonium. sulfate solution. Kuriloff (1897) determined 
ethanol in ethyl acetate mixture s by oxidation i th :potassium 
dlchromate in the presence of sulfuric acid. Under the conditions 
used., ethanol ;ras oxid.ized only to acetio acid , even when heated 
at the boiling poi nt of water ror 48 hours. 
dichromate was deter. ned iodometrioally. 
The unused potassium 
Semiohon and lanzy 
(1929) report the diohromate method tor the determination of 
ethanol to be as accurate , if not more acaurate ~· than the various 
pyknometr1c methods . They carried out the oxidation in the cold 
and analyzed for he unused potassium dichromate with standard 
ferrous ammonium sulfate... Liverside { 1931) r eports sim1le.r 
results by titrating the acetic acid produced . 
1..strus end La.de t (1925} successfully analyzed for small 
quantit1os of ethanol by oxidation ith potassium permanganate 
in an .. lkaline solution . The ethanol is co pletely oxidized to 
aarbon dioxide and water . Ihe unus0d potassium permanganate 
was determine~ by means of oxalie acid . 
The oxidation of acetone i s much more difficult . Fournier 
(1920) found that it was oxidized very slo1ly in a neutral solu-
tion of potassium permanganate at room temperature . However , in 
an alkaline solution , the oxidation is rapid with the formation 
of acetic, oxalic , carbonic and pyruvic acids. 
The oxidation of butanol does not stop at butyric acid as · 
might be expected . Uerkman and Osburn (1931) report that S0 . 3 
per cent butyrio aaid and 9. 7 per cent acetic aeid is formed 
under the conditions employed by them. 2"yleman (1924} developed 
a method. for -the determination of mixtures or butyrie and acetia 
acid on the basis that butyrio acid can ba quantitatively con-
verted to acetic acid . Apparently the quantitative oxidation 
to a.a.1Stic aeid is only attained under certain conditions , for 
as 111 be shown later , t he oxidation of butanol does not sto_p 
at acetic acid .. 
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IV. EXP:&!. IMLN'l'AL PROCEDURE 
(A) Preparation of ~aterials 
All apparatus used was oc.li.brated with the srune degree of 
care that should be used in any exact analytical work . 
Butanol: The commercial product was carefully fractionat-
ed by means of a 12 inch Young•s fractionating column . The 
c; 
:product used in the experiments boiled at 116.5 C. A 2 per cent 
stoek solution wa.s prepared by weighing out 20 . 0000 grams and 
diluting to 1 liter . 
Ethanol1 The absolute alcohol emplo~ed gave e negative 
test toward anhydrous copper sulfate . The spacifie gravity was 
0 .7910, 20/20 and 0,.788&., 25/25; the corresponding v.alues for 
absolute alcohol are 0 .7907 , 20/20 and 0 . 7874, 25/25. Since 
ethanol is quite volatile ; the stock solution was prepared by 
addition to a weighed 100 cc . volumetric flask partially filled 
with water and the weight of ethanol determined by difference . 
~ cetone: Commercial acetone was tw1ce distilled by means 
ot a. 12 inch Young ' s fractionating column . The :portion boiling 
at 56 . 5°C was allowed to stand over calcium chloride to remove 
any ater or ethanol . The acetone was separated from the calcium 
chloride by deoantation and then distilled. The portion boiling 
. 0 
at 56 . 5 C was used in making up the stock solution . This solution 
was prepared by adding the acetone to a weighed 100 cc. volumetric 
- 11 -
flask :partially filled w·i th water end the amount of acetone 
determined by difference . 
The Preparation of the Standard Sodium •rnio- sulfa te and 
Potassium Dichromate Solutions: A 0 . 100 N sodium thio- sulfate 
solution was prepared by dissolving 25 grams of !' aaS 8 0,5lI;iO 
crystals and t wo grams of sodium hydroxide per liter of ater. 
In this way eighteen 11 ters ere prepared at one time.. Ten cc. 
of toluene were added to p revent any bacterial action, which 
would change the normall ty. The solution \ras stoppered and 
allowed to stand one eek out of oonta.ct i th direct sunlight 
before being standardized. 
Standardiza tion: The solution was standardized by the 
method given by Fales {1925} . A 0. 1000 N solution of potassium 
dichromate was used as the standard. This was :prepared by 
weighing 4. 903 grams of pure. fused , moisture free salt , 
dissolving in 100 cc . of water , and making up to 1000 cc . Twenty-
five ce . of this standard were added. with constant s haking ,, to 
200 cc . or a solution containing 10 ec . of 20 per eent pota ssium 
iodide and 5 ee. of' concentra ted hydrochloric acid-. The flask 
was stoppered and allowed to stand for 3 i:ninutes out of contact 
ith direct sunlight . Thcln the solution was diluted to 400 oc . 
and titrated with the approximately O. l N sodium thio- su.lfate 
solution until the purple color of iodine had disappeared . Three 
oe . of a freshly prepared 1 per cent stareh solution rnre added 
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and the solution titrated until the dark blue color changed to 
a light green , Sinoe a norma.11 ty of exactly O . 100 ·was desired,. 
tho amount of ater or 1~ 2 5 8 0 1 . 5H2 0 whieh must be added re.s 
oelculated . The normality of the solution was again determined . 
In this way. by repeated additions of ater or salt, followed 
by titration against the standard potassium dichromate , the 
solution as re.a.de exactly 0 . 100 N. The standard was protected 
from carbon dioxide by a drying tube filled with ealcium chloride 
and soda-lime . The solution was also checked from time to time 
with 0. 1000 ~ potassium dichromata. 
D) Analytical Procedure 
In brief,. the procedure consists in oxidizing the sample 
with a known amount of potassium dichromatc in the presence of 
10 co . or 45 e~ . of concentrated sulfuric aeid . The oxidation 
is carried out at the temperature of boiling ater for 10 
minutes. The extent of oxidation is determined by analyzing 
iodometrically ror the unused potassium dichromate. 
The prooedur - as given below is the one which has been 
found to give the best results in analyzing mixtures o~ the 
I 
tllree solvents. A fe minor changes were necessary in determining 
the effect of acid conoentration on the oxidation of butanol and 
ethanol . 
The appar-atus consists of a number of thin pyrex test tubes 
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2. 2 x 25 cm. These tubes are fitted with rubber stopJ;>ers 
which have been carefully cleaned . Each stopper is fitted 
i th a ca:pill&.ry tube , the part extending into the test tube· 
·being bent into a right angle . The reason for this bend is to 
prevent the loss of any liquid upon mixing . The water bath used 
is or such size that the water does not cease to boil on intro-
ducing the tubes . It is also necessary to replace the water 
lost through evaporation. This is done by a continuous addition 
of water at such a rate that the level in the bath remains 
constant . 
To carry out an oxidation, 10 cc . ot 0 . 400 N :potassium 
diohromate , 10 cc . of water and 10 cc . of concentrated sulfuric 
acid are :placed in a tube and cooled in taJ;> water . Then 10 cc . 
of a mixture of the solvents are added in such a way thst tw·o 
layers are rormed . The tube is stoppered and mixed by placing 
the fore - fin.gcr on the capillary tube end inverting· several 
times . The mixing causes the generation of a small amount of 
heat ; by cooling the tube before removing the fore- finger , any 
liquid hich has been forced into the capillary tube is drawn 
back into the test tube. , hen the c apillary tube is bent at 
right angles any liquid adhering to the capillary tube flows 
to the under side and is thus prevented from being forced out 
the capillary when the tube is :placed in the ater bath . The 
tube is heated for exactly 10 minutes , quickly removed and 
plunged into col d water . 
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When the tube is cool , the contents are transferred to 
a 500 oc . Erlenmeyer flask and diluted to 400 cc . Fifteen ce •. 
of 20 per cent :Potassium iodide are added with constant shak1nfS .. 
The flask is stoppered and set aside for 2 minute s out of contact 
with direct sunlight . The liberated iodine is titrated with 
0 .100 N sodium thio- sul:fate 11i th constant shakins. Three oe . 
of a freshly prepar ed 1 per cent starch solution are used as 
indicator. If the solution is not well shaken during the 
titration too large an amount of sodium thio- sulfate will be 
required to reduce the iodine . A blank is run in the same ay • 
using 10 co. of ~ ater in :place of the mixture . The difference 
in the amounts of sodium thio-sulf ate used in the two cases 
gives the numb,..;r of cc . of 0 . 100 N potassium dichromate 
reduced by the solvents . 
A second oxidation is carried out , using 20 ce. of' 0 . 400 N 
:potassium dichromate , 45 ce . of c oncentrated sulfurio acid , and 
10 cc . of the :mixture . The general procedure is exactly as 
given above . The unused potassium diohrom.ate is measured by 
transferring the solution to a liter Erlenmeyer flask , diluting 
to 750 cc ., and proceeding as above . A blank is run in the same 
way . 
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V. TR'E ..:i:F.t:tECT OF V1J{YING TH:: CO:Nv ;J'.-JTR~;.TION OF DUL:E'URIC ACID 
UPON THE OXIDNrION OF BUTANOL AND "~TH.ANOL 
~s pointed out previously, it has been found tha t the 
extent of oxidation of butanol ith potassium dichromate varies 
with the concentration of the sulfuric acid . It has been found 
in t he se labora tor i e s tha t over a range of. 0- 30 co . of concen-
trated sulfuric acid t he amount o·r 0 . 200 N pota ssium dichromate 
used reache d a maxi mum a t 3 cc . From 3- 10 cc . the amount o~ 
potassium di chromate used eradually decreases , reaching a value 
at 10 cc .'> \Yhioh remained consta;.'1t over the range of 10- 25 cc . 
Larger amounts or acid increased the consumption of potassium 
diohromate . 
The following results were obtained when higher acid 
eoncentrations were em~loyed: 
Butanol : 'fhe effect of varying the sulfuric acid from 
0- 43 cc . ri th 30 cc . of 0 . 200 N potassium dichro ate was studied . 
A curve having t he s amo general shape as that obtained in 
previous work was obtained . In addition the curve was found to 
r i se very r ap idly from 30- 43 cc . The desired flattening of the 
curve as not obtained . 
A 0 . 400 N potassium d1chromate solution was therefore 
substituted for the 0 . 200 N, usine 20 cc . of this solution . 
The amount of acid added was varied from 0-~o cc . 
The graph (I in figur e l) shows two desired flat portions. 
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The curve is of the same characteristic shape as that obtained 
with less concentrated potassium dichro:mate solution . The first 
flat portion indicates that 14. 00 cc . of potassium dichromate 
ere used in the oxidation of 20 milligrams of butanol . lerkma.n 
and Osburn {1931) found that butanol , on oxidation by potassium 
dich:romate in the pr esence of phos~horie acid , yields 90 . 3 per 
cent butyrio acid and 9 . 7 per cent acetic acid . Twenty milli-
graurn of butanol on this basis '\1ould require 1:3 . 95 oc . of 0 . 100 
:potassium dichromate . \Then 45 cc . of acid were used 48 . 90 ec . 
of 0 -100 N potassium dichromate were required . If butanol were 
oxidized to aaetic acid , carbon dioxide and water 43 . 25 cc . of 
potassium di chromate 1ould be requir ed to oxidize the 20 milli-
grams. The observed value of 48 . 90 cc . indicated that products , 
other than acetic acid, carbon dioxide , and water are also formed . 
The first flat portion of the graph (I) coraes between 
8-14 cc . of concentrated sulfuric acid. The second fla t portion 
is not quite :parallel to the x-axis . The increase in the amount 
of :potassium dichromate used over the range of 40- 50 cc . acid 
being 0 . 75 cc . of 0 . 100 N. 
X 'I ' t hanol : Similar studies 10re ma e Ii th ethanol , using 
20 cc . of 0 . 400 N potassium dichromate . The results are given in 
graph {II) :figure 1. The amount s of 0 . 100 N :potassium dichrorna.te 
used are 17. 50 at 3 cc . of acid and 17.?0 eo . at 50 co . of acid . 
On the basis t hat ethanol is oxidized quanti tati v ~~1y t o acetic 
acid• l? .. 40 cc . V1ould be required . The avc,rage value obtained. 
- 17 -
in this experiment was 17 . 64 cc . or 0 . 24 cc. more than required 
by theory. 
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VI . THE ZFFECT 01'"' VARYING THI:: CONCENTRATION OF 
TdE INDIVIDUAL SOLVhNTS 
(A) Introduction 
The data in the previous section showed that the ~urve 
for the oxidation of butanol exhibited two riat portions , wh1le 
that for ethanol did not sho 'l this phenomenon . These facts 
point to the possibility of an analytical method based upon 
the titration of the mixture of solvents with 0. 400 N potassium 
diehromate at two different concentrations of acid. In order to 
obtain working equations , the reducing capacities of the three 
solvents were determined separately in the presence of 10 cc . 
and 45 cc . of concentrated sUlfurio acid respectively . The 
titration value in every case for the lower acid concentration 
is indicated as .i and for the higher concentration by .!!• 
(B) Butanol 
The solutions used contained 5 .. oo. io .oo , 14.00, 20 . 00 , 
and 28 . 00 milligrams of butanol :per 10 cc * sample . The oxida-
tion and analysis of these solutions were carried out as 
previously described , using l ca . and 45 cc . of concentrated 
sulfuric acid . 
The data obtained are c iven in table l end shown graphically 
in figure 2 . The reducing capacity is given in terms of 0 .100 
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N potassium dichromate used, since the titration was performed 
with 0 . 100 N sodium thio-sulfate . It is evident that the amount 
of oxidizing agent used is a linear func.tion of the concentration 
of" the butanol . 
Table l 
The Ef f ect of Varying t e Concentration of Butanol 
.. • 
• • 
. oc . 0.100 N • cc • 0 .100 N . • 
. K8 Cra0., • KaCr 8 0., • . 
Milligrams • 10 oc. Cone . H1 so, • 45 cc • Cone • Raso. • • But anal • £ . N • • 
. • 
• • 
• • 
• • 
5 . 00 • 3 . 42 • 12. 61 • • 
10 . 00 . s .s1 . 24 . 49 • • 
14 . 00 . <J . 67 • 34. 31 • .. 
20 . 00 • 14 . 04 • 48 . 89 • • 
28 . 00 • 19 . 98 
' 
. 67 .. 70 
• 
" • . • 
( 0) Acetone 
Previous work done in these laboratories indicated 
that ac~tone was only slightly oxidized in solutions conta ining 
10 cc . of concentrated sulfuric acid . The amount of acetone 
• A 
oxidized ias found to be a linear function of t he amount or 
ace tone pr e sent . 
E:q)eriments ilere oarried out to determine t he amount 
of oxldation occurring at 10 ce. and 45 cc. of conc entrated 
sulfuric acid . The :procedure was t he same as that given 
- 22 -
:previously. 
The data obtained are given in table 2 and shown graphical-
ly in fi gure 3. Here again the amount of oxidizing agent. used 
is a linear f'une·tion of the concentra tion of the acetone . It 
ill also be noted that the oxidation is greatly increased by 
the inarease in the eoncentration of the acid from 10 cc . to 
45 eo. 
Table 2 
The Effect of Voryin~ the Concentration of Acetone 
• . 
• • 
: cc . 0.100 N • cc. 0 . 100 N • 
: KaCr 8 0., . KaOr8 0., • 
Milligrams . 10 oc • Cone . H2SO , . 45 cc . Cone . HaSO, • . 
Acetone . M • N • • 
. • 
• • 
• 
. 
• • 
5 . 00 • 0 . 31 • a.so • • 
l.0.00 . 0 . 63 • l?.49 • • 
14.01 • 0 . 90 : 25 . 00 • 
20 .. 01 . 1.32 • 35.50 • • 
28 . 0l • 1.91 • 49 .78 • • 
• : • 
{D) Ethanol 
The effect of varying t he amount of ethanol was determined 
with 10 cc . and 45 cc . of concentrated sulf'uric acid . The 
method of oxidation and an lysis as the same as that described 
above . 
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The data obtained are given. in table 3 and shown graphical-
ly in fi gure 4 . Again it is evident t hat the amount or oxidizing 
agent consumed i s a l i near function of the concent rat ion of 
e thanol . 
Table 3 
The Effec,t of Varying the Concentration of ,.thanol 
" 
• 
• • 
. be •. Q. 1 00 N : c c • 0 . 100 N • 
. K8 Cr.a 0 7 KaCr 20 7 • 
Mi lli grams • 10 co . Cone . Raso . . 45 cc • Cone . H2 S0 4 • • Ethanol • ? , . N • ..(>. • 
.. 
• 
: . • 
5 . 00 • 4. 38 • 4 . 58 • • 
1 .oo • 8 . ?2 • 8 . 82 • • 
14 . 01 • 1 2. 30 • 1 2 .. 38 • • 
20. 01 l ? . 64 • 17 . 59 
" 28 . 02 • 24 . 47 .. 24 . 90 • . 
., 
• 
• • 
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{E) Formulation of Equations 
Using the method of least, squares , the follo'ling relations 
were found for the individual solvents in terms of M and N. 
B = Butanol; E = Ethanol ;. A • Acetone . 
and for a mixture 
( l) 
( 2) 
(3) 
{ 4) 
{5) 
{6) 
M= 
N = 
M = 
N = 
M= 
N = 
0 . 7049 B 
2 . 433 B 
0 . 8761 E 
0 . 8855 E 
0 . 0656 A 
1 . 775 A 
(7} M = 0 . ?049 B + 0 . 6761 + 0 . 0566 A 
(8) N = 2 . 433 B + 0 . 8855 E + 1 . 775 A 
sol ving simultaneously 
(9) B ,. 0 . 581 2 N - 0 . 5874 M - 0 . 9921 A 
(10) E = 1 .1414 M - 0 . 8046 B - 0 . 0760 A 
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VII.. J~JALYSIS OF M.I XTURES OF BUTANOL, ETrlAliOL AND !1 CETONE 
In order to test tne utility of the above e quations , 
analyses were made of various mixtures of the three solvents . 
The results of t he first series are given in table 4 . 
Table 4 
.1:'illalysis of' Mixtures 
B = Butanol; E • Et hanol; A = oetone, all in terms of milligrams 
. f . II . II! . IV • v . Vt . v!I • \t!!I: Ix • • • . • • • • 
. . . . • : • • • • . . • • • .  . 
No.: B • E • A • B .. B • E .. E • M .. . N • • • • • • • • 
• • • :oale.: :calc .. : • • • • • • • 
• : • 
. . . . . . . 
• • • • • • • 
l :20.00: 4.00:l0 . 00:19 . 20:-0. 80: 4.24: 0 . 24:17. 92:28 . 23 
• • • • 
. . . . . . . 
• • • • • • • 
2 :14. 00: 4. 00:10. 00:13 . 96:-0. 04: 3.54: - 0 . 46:13.63:54. 88 
• • • • • • . • • 
• • " • • • • • • 3 :10 . 00: 4 . 00:10 . 00:10.10: 0.10: 3 . 4?: - 0 . 53:10 . 85:45 . 42 
• • . • . • • • . 
• • • • • • • • • 
4 . 8 .00: • 4.00:10.00: a.os: 0.05: 3 . ol: - 0 . 39: 9 . 54:40. 57 
.. .. 
• . 
• • •· . • . • 
• . .. . • • • 
5 • 4.oo: • 4. 00:10 . 00: 4.12: 0 . 12: 3 .55: - 0 . 45: 6 . 69:30.94 
. . . . . . . . . 
• • • • • • • • • 
5 :20.00: 4. 00:14. 01:18 . 04:-1.96: 4 . 97: 0 . 97:18 . 01:73.16 
• • 
• • 
. . . . . . . 
• • • • • • • 
? :20 . 00: 4 . 00:12 . 00:18.59: - 1 . 41: 4 . 51: 0 . 61:17 . 94:70 . 61 
• • 
• • 
. . . . . . . 
• • • • • • • 
8 :20. 00: 4 . 00: 8 . 00:19 . 52:- 0 . 48: 4.16: 0. 16:1'7 . 94:65 . 39 
• • • • • • • • • 
• • • • • • • • 4 
9 :20 . 00:20.01:10 . 00:17.31:-2 . 69:22 . 76: 2. ?5:31 . 95:?? . 45 
. . . . . . . . . 
• • • • • • • • • 
10 :20 . 00:14. 01:10 . 00:17.72:-2.28:15 . 48: l.4~:25 . 73:74 . 58 
. . . . . . . . . 
. . . . . . . . . 
11 .: 20 . co:10. 01: 10 .00:18 . 25 : - L . ?5: 11. 12: 1 . 11:23 . 28: 72. 00 
: : : : : : : : : 
12 :20 . 00: 8 . 00:l0.00:18 . 48:-1 . 52: 9.19: 1 . 19:21.75:70.87 
. . . . . . . . . 
• • • • • • • • • 
13 :12.00: 2. 00: 6.00:12.10: 0 ~12: l . 57!•0 . 43:10 . 31:41. 52 
: : : : : : : ·; : 
14 :10 . 00:10.01:10 . 00:10.03: 0 . 03: 9 . 58:-0. 42:16 . 15:50. 67 
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A consideration of the data shows that when the value of N 
exceeds about 55 co . the ealculat~d values for butanol become 
increasingly lower . This is shown grauhically in figure 5 . 
Evidently t en , for satisfactory use of the equations developed , 
the value of N should not exceed the vaJ.,ue of' 55 co. In order 
-
to test this :point the mixtures l and 5- 12 were diluted so as 
to bring the value of N to the desired z:ango . The results are 
given in table 5 . 
The deviations of the calculated butanol from the true 
values are given in column (V} . The calculated value ranged 
from 0 . 24 milligrams (2 . 4%} too high in mixture No . 12 t'O 0 . 29 
milligrams (1 . 9%) too low in mixture No . 6 . The deviation for 
the 14 mixtures is ! 0 .09 milligrams. In mixtures containing 
the solvents in the ratio 6:3:1 the maximum amount of butanol 
which could be oxidized would be about 16 milligrams, 1 . e . 
le milligrams butanol , 8 milligrams acetone ·' and 2 . o7 milligrams 
of ethanol would require the equivalent of about 55 oe. of 
0 . 100 N :potassium. diohromate . The butanol in such a mixture 
+ 
could be determined w1 thin - 0 . 09 milligrams or 0 . 56 ];)er oent 
error . 
Colu...'1lll (VI) table 5 gives the calculated values for ethanol . 
These values are all lower than the actual amount of ethanol 
present. The amount of error is given in column {VII) . The 
average of these deviations is about - 0 . 33 milligrams . Adding 
~ 
-~ 
~ 
,_, 
·~ 
~ 
QJ 
Q 
V) 
~ 
~ 
"""' -.i 
....... 
........ 
.... 
-o.+o 
-o.go 
-1.20 
-28-
0 
Flpure..,5 
D e. vi.a t L. ox s o f t h e. 
Citlculiifed Buta1tol 
fro"'1'L 'rr-1,(,e Values 
~ - J. 60 
- J..00 
-~.fo 
-.2.f'o '----~ ___ __._ __ _,.__ __ --4---___ ~-
40. oo 50.00 (JO. OD 70.oo '/0.00 
ec of O.IOON ~ ('~~ 
Table 5 
Analysis of Mixtures with Corrections 
B = Butanol; E = Ethanol; A = Acetone, all in t er ms of milligrams 
.. 
I . !! . Iii : IV • v • VI t Vi! : V!!I : !X: • x : XI . • • • • ~ 
. . • • • • • : • . . • • • • • • • • • • 
No . : B • E . A : B : .6. B • E : ...6E • E : .6 E- . -: · . M· • N· • • • • • 
• • : oalo . : : c a lo . : :cx:rroomd: . • 
• 3.oo: 7.50: 14. 99: - 0. 01: 2.71: - 0. 29: 3.o4: o.04: 13. 44: • 
• • : • • • : • • • • . • . • • • • • • 
2 : 14.00: 4 . 00: 10 . 00: 13. 96: - 0 . 04: 3 . 54: -0 . 46: 3 . 8?: -0.13: 13. 53:64. 88 
• . • • . . • • : • • . . • • • • • • • • 3 t 10 . 00: 4. 00: 10 . 00: 10 . 10: 0 . 10: 3 . 4?: - 0 . 53: 3 . 80: -0 . 20: 10 . 85:45 . 42 
: • • • • : " . • • . • • • • • • • . • 
4 : s .oo: 4.00: 10 . 00: 8 . 05: 0 . 05: 3 . 61: -0 .39: 3 . 94: - 0 . 06: 9 . 54:40 . 57 
• • • : • .. • • : • • • it • • • • • • • 
~ : 4 . 00: 4 . 00: 10 . 00: 4.12: 0 .12: 3 . 55: - 0 . 45: 3 . 88: - 0 . 12: 6 . 69:30 . 94 
. . : • .. ' . • . . . • • • • • • • • • (\? 
6 : 15. 00t 3 . 00: 10.50: 14. 72: - 0 . 28: 2 . 91: .. Q,09: 3 . 24: 0 . 24: 13. 63:57 . 04 tO 
.. : . . : . . • : • • • • • • • • • 
7 : 15.00: 3.ooa 9 . 00: 14. 95: -0 , 05: 2 . 70: - 0.30: 3.03: 0 . 03: 13. 51:54. ?3 
: • • • . ,, • . . • • • • • • • • . • • 
8 : 15. 00: 3 . 00: e.oo: 14 . ~8: - 0 , 02; 2 . 77: - 0 . 23: 5 ,10: 0 . 10: 13. 39:49 . 57 
: • • • : : • • . • • • • • • • • 
9 : 10 . 00: 10 . 01: 5.oo: 9 • 88 : ... 0 . 12 : g ,89; . 0 .11: 10. 22: 0 . 21: 15. 97:41 . 68 
: • • • .. : . : • • • • • • • • • 10 : 10 . 00: 7 . 00: 5 . 00 : 9 . 98: - 0 . 02: 6.oo: - o. 34: 6 . 99: - 0 . 01: 13,21:39 . 05 
• . . . : • .. • . . 
-
• • • • . • • • • • l l : 10 . 00: 5 . 00: 5.00: 10 . 08: o.os: 4 . 72: - 0 . 28: 5 . 05: o . o5: 11 , 58:37 . 57 
• • . . • 
= 
• . : . • • • • • • • • • • 12 l 10. 00: 4. 00: 5 ., 00: 10. 24: 0 . 24: 3 - 63 : - 0 . 37: 3 . 96: - 0 . 04: 10 , 74:37 . 0l 
. . • .. • . • . • • • 
• . • • • • • • • • . 
13 : 12 . 00: 2 . 00: e.oo: 12. 10: 0 . 10: 1 . 5?: - 0 . 43: 1 . 90: - 0 . 10: l0 . 31:41 . 52 
: . . . • . . : . ~ • • • • . • • . • • 
14 : 10 . 00: 10. 0l: 10. 00: 10 . 03: 0 . 03: 9 . 58: -0 . 42: 9 . 92: - 0 . 08: 16 . 15:50. 67 
. • . • . : • • • • • • • . • 
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this amount to ea.eh calculated value , the values in colwnn 
(VIII) are obtained . The deviation of these values from the 
actual amount of ethanol is given in column (IX) • The average 
deviation or any value in column {VIII) from the true amount 
+ present is - 0 .10 m1111grruns . Making this corre otion, the 
equation for ethanol becomes 
(ll) ~ s 1 . 1414 M - 0.8046 B - 0 . 0?60 A+ 0 . 33 
'1.'he ethanol in a mixture containing about 2. 6 mill igr ams 
could be estimated within 0.1 milligram or 3 .8 per cent .. 
In these calculations the k:nown values for acetone have 
been employed since it has been repeatedly shown in these 
laboratories tha t t he determination of acetone i n the presence 
of t he other two solvents is very accurate . 
- 31 -
VIII . SUMMARY .AND CONCLUSIONS 
1. The reducing capacity of the solvents , butanol , 
ethanol, and acetone , alone or in combination, toward 0 . 400 N 
potassium dichromate in the presence of varying concentrations 
of sulfuric acid has been measured . ·,Jhen the eoncentration of' 
sulfuric acid was varied there were observed two distinct flat 
· portions of the curve for but~nol at significantly different 
levels . The curve for ethanol shows only one flat portion. 
2.. Under other 1ise constant oondi tions , the reducing 
capacity of the individual solvents, in the presence of 10 cc . 
or 45 cc . of concentrated sulfuric acid , is a linear function 
of the concentration of the solvent . From these relations 
equations were formulated which were applied to a mixture of 
the solvents. 
3 . The a "plication of the above equations to the results 
of analysis of mixtures of solvents gave calculated values 
•Vi thin 0 . 09 milligrams of the theoretical for butanol . The 
calculated values for ethanol were, on the average , 0 . 33 milli-
grams below the theoretical. The application of this correction 
to the calculated values gave results within 0 . 10 milligrams of 
theoretical. 
4 . The procedure as outlined gives a reasonably rapid 
and simple method ror the analysis of mi xtures of butanol , 
ethanol , and acetone . 'The aecuraoy is practically within the 
- 32 -
region of the experimentai errors involved in the distillation 
and other procedures in obtaining the sample for analysis and 
of the oxidation method employed . 
- 33 -
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